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General Information
NMR spectra were obtained on a Varian Inova 500 (499. C. In the case of benzene, the reference peak is set to 7.16 ppm. Multiplicities are reported as follows: singlet (s), doublet (d), doublet of doublets (dd), doublet of doublets of doublets (ddd), doublet of triplets (dt), triplet (t), quartet (q), quintet (quin), multiplet (m), and broad resonance (br). IR spectra were obtained on a Perkin-Elmer spectrum BX FT-IR spectrometer. Melting points were determined with a Mel-Temp 3.0 (Laboratory Devices Inc) and are uncorrected. HRMS data were obtained on a Micromass AutoSpec Ultima Magnetic Sector mass spectrometer.
Materials and Methods
Pd(OAc) 2 was obtained from Pressure Chemical and used as received. NaNO 3 was obtained from Fisher Scientific and used as received. 4 Å molecular sieves were dried in Precision Economy Oven at 200 ºC for 48 h. Solvents were obtained from Fisher Chemical and used without further purification. Flash chromatography was performed on EM Science silica gel 60 (0.040-0.063 mm particle size, 230-400 mesh) and thin layer chromatography was performed on Merck TLC plates pre-coated with silica gel 60 F254. HPLC purification of 13-15 was performed on a Varian ProStar 210 HPLC using Waters µ-Porasil 10µm silica (19 x 300 mm) columns.
S3
Synthesis and Characterization of Substrates 1, S3-S11
The oxime ether substrates 1, S3-S6 were prepared via oximation of the corresponding ketones according to a procedure previously reported by our group. 1 1 H and 13 C NMR spectral data for 1, S3, S5, and S6 matched that previously reported in the literature for these compounds.
The pyridine substrates S7, S8 and S10 were prepared via Cu-catalyzed coupling between 2-bromopyridine derivatives and the corresponding alkyl magnesium chloride (purchased from Aldrich and used as received) using a procedure previously reported by our group. 2 Substrate S9 was synthesized as described below using a procedure from a patent. 3 Substrate S11 was obtained from Sigma-Aldrich and used as received.
H and
13
C NMR spectral data for S7-S10 matched that previously reported in the literature for these compounds.
Substrate S4 was obtained via oximation of the corresponding ketone according to a literature procedure. 1 (1.4 mL) . The top of the Schlenk flask was sealed with a rubber septum. The flask was charged with O 2 through the side arm using the set-up shown in Figure S1 . The flask was evacuated (aspirator vacuum) and backfilled with oxygen (1 atm) three times through the side arm to achieve 1 atm of O 2 . The flask was sealed at the side arm with a glass stopcock and then heated at the desired temperature in an oil bath for 18 h. The reaction was then cooled to room temperature, and 1 M nitrobenzene in CDCl 3 (50 μL, 0.5 mmol, 0.25 equiv) was added as a standard. The crude reaction mixtures were analyzed by 1 H NMR spectroscopy using nitrobenzene as an internal standard. The air-free reaction (Table 1, entry 6) was set up using the same setup as shown in Figure S1 but with N 2 instead of O 2 .
The reactions under an air atmosphere (Table 1 , entries 1-5) were set up in air and sealed directly.
S5
Synthesis and Characterization of Products 2-12
Standard Procedure Pd(OAc) 2 (5.6 mg, 0.025 mmol, 0.05 equiv) and NaNO 3 (10.6 mg, 0.125 mmol, 0.25 equiv) were weighed into a 50 mL resealable Schlenk flask. Substrate (0.5 mmol, 1 equiv) was added to the Schlenk flask as a solution in AcOH/Ac 2 O (AcOH : Ac 2 O = 7 : 1; overall concentration = 0.125 M in substrate). The Schlenk flask was charged with 1 atm of O 2 using the method described above (see Figure S1 ). The flask was heated at 110 °C in an oil bath for 18 h (unless otherwise noted). The reaction was cooled to rt, filtered through a plug of Celite, and then concentrated under reduced pressure to remove the solvent. The resulting residue was neutralized with a saturated solution of NaHCO 3 , and the organic products were extracted into either diethyl ether or ethyl acetate. The organic extracts were washed with brine, combined, and then dried over MgSO 4 . The products were purified by column chromatography on silica gel.
N OMe
OAc (2) This reaction was conducted with substrate 1 according to the standard procedure. This reaction was conducted with substrate S8 according to the standard procedure, except using 50 mol % of NaNO 3 (0.25 mmol, 0.5 equiv) along with 4 Å molecular sieves (270 mg). Product 8 was obtained as a colorless oil in (147 mg, 78% yield, R f = 0.2 in 1:9 ethyl acetate/hexanes). This reaction was conducted with substrate S10 according to the standard procedure, except using 1 equiv of NaNO 3 (0.5 mmol, 1 equiv) along with 4 Å molecular sieves (270 mg). Product 10 was obtained as a colorless oil (110 mg, 68% yield, R f = 0.2 in 3:7 ethyl acetate/hexanes). This reaction was conducted with substrate S11 according to the standard procedure, except using 1 equiv of NaNO 3 (0.5 mmol, 1 equiv) along with air as the oxidant. Product 11 was obtained as a colorless oil (80 mg, 80% yield, R f = 0.25 in 1:9 ethyl acetate/hexanes). 
Synthesis and Characterization of Chlorinated Products 13-15
Under air, Pd(OAc) 2 (5.6 mg, 0.025 mmol, 0.05 equiv), NaCl (14.6 mg, 0.25 mmol, 10 equiv) and NaNO 3 (2.1 mg, 0.025 mmol, 0.10 equiv) were weighed into a 20 mL scintillation vial. Substrate S7 (68 mg, 0.5 mmol, 1 equiv) was added as a 0.125 M solution in AcOH. The vial was sealed with a Teflon-lined cap then heated at 80 ºC for 24 h. The reaction was cooled to room temperature, filtered through a plug of Celite, and then concentrated under reduced pressure to remove the solvent. The resulting residue was neutralized with a saturated solution of NaHCO 3 , and the organic products were extracted into ether. NMR analysis of the crude reaction mixture showed 80% conversion of the starting material, and 67% total yield of the mono-, di-, and trichlorinated products. The remaining 13% of the material was a mixture of the mono-, di-, and triacetoxylated products. The organic extracts were washed with brine, combined, and then dried over MgSO 4 . A clean mixture of the three chlorinated products 13-15 was obtained by silica gel column chromatography (all three chlorinated products elute together with R f = 0.20 in 1:9 ethyl acetate/hexanes). The yields reported below are based on the proportion of each product in the material isolated by column chromatography. Pure samples of 13-15 for HRMS and NMR analysis were obtained after by purification by HPLC (97:3% hexanes/ethyl acetate, 20 mL/min, Waters µ-porasil 19.1 mm). Using this solvent system, the products elute in the following order: 15 then 14 then 13. 4 mL) was then added to the Schlenk flask. The top of the Schlenk flask was sealed with a rubber septum. The flask was charged with O 2 through the side arm using the set-up shown in Figure S1 . The flask was evacuated (aspirator vacuum) and backfilled with oxygen (1 atm) three times to achieve 1 atm of O 2 . The flask was sealed at the side arm with a glass stopcock and then heated at 110 °C in an oil bath for 30 min. The reaction was cooled to room temperature, and 1 M nitrobenzene in CDCl 3 (50 μL, 0.5 mmol, 0.25 equiv) was added as a standard. The crude reaction mixture was analyzed by 1 H NMR spectroscopy. The yield of 2,6-di-tert-butyl-4-methyl-4-nitrosocyclohexa-2,5-dienone 5 in the crude reaction mixture was determined by integration of a diagnostic singlet associated with this product (at 6.6 ppm) versus the internal standard. 4 mL) was then added to the Schlenk flask. The top of the Schlenk flask was sealed with a rubber septum. The Schlenk flask was evacuated and refilled with N 2 twice using the set-up shown in Figure S1 . The flask was then evacuated a third time and sealed at the side arm by a glass stopcock. A balloon filled with either O 2 or 18 O 2 (99% Aldrich) was inserted through the rubber septum using a needle in order to allow 1 atm of dioxygen to enter the reaction vessel. The flask was then heated at 110 °C in an oil bath for 18 h. The reaction was cooled to rt, diluted with ethyl acetate, and neutralized with a saturated solution of NaHCO 3 . The organic layer was washed saturated NaHCO 3 (X 2) and brine then dried over MgSO 4 . The products were purified by column chromatography on silica gel (1:9 ethyl acetate/hexanes). The isolated products were submitted for HRMS and analyzed by ESI. Using the published deconvolution mass spreadsheet 6 it was determined that 5% of product in the reaction with 
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